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SYNOPSIS

Eugenol is one of the major therapeutic agents In dentistry. The

inflammatory response to purified and commerbial eugenol are compared,

and the inflammatory response to zinc oxide/eugenol prepared with either

purified or commercial eugenol are also compared. The results indicate

that eugenol is inflammatory, but the impurities present in commercial

eugenol increase the inflammatory response to eugenol and zinc oxide

eugenol.
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INTRODUCTION

.Zinc oxide/eugenol (ZOE) preparations have been used as sedative prepa-

rations, as anodyne dressings, as pulp capping agents, and in root canal

materials. The dental literature contains many articles concerning the

inflammatory response to ZOE 1"9 and most authors agree that ZOE is an

irritant. However, commercial or "stock" eugenol contains a number of

impurities; 20,21 e.g. acetyl eugenol, furfurai, methyl-n-amyl-ketone, and

others, many of which may contribute to the inflammatory reaction. it

should be noted that considerable variation in the impurities exists between

batches, as previously shown. 20 Molnar,22 in a study of residual eugenol

from ZOE compounds, suggested that the variations In periapical reactions

to ZOE mixtures may be a direct result of the residual (free) eugenol

remaining after the compound has set. To date, the degree of Inflammation

created specifically by the eugenol component of a ZOE preparation has not

been adequately determined.

Our laboratory has purified eugenol to greater than 99.75% purity by

HPLC technique.20 This investigation was undertaken to evaluate the

inflammatory response of soft tissue to commercial eugenol and to a purified

eugenol. We also sought to determine if the Impurities in a commercial

eugenol increase its inflammatory response.

MATERIALS AND METHODS

Forty adult male Walter Reed white rats, each weighing 250-300 grams,

were used for this study. Each rat was placed In a restraining device and

its belly was shaved. Each material was Injected subcutaneously Into each

animal :0.1 cc of commercial USP eugenol,* 0.1 cc of purified eugenol

*Gentry International, Fairlawn, New Jersey
(Lot #B14997) FSN 6505-00-153-8379



(prepared as previously reported20), 0.1 cc of commercial eugenol combined

with zinc oxide, and 0.1 cc of purified eugenol combined with zinc oxide.

The zinc oxide eugenol mixtures were prepared using 0.40 gm zinc oxide

and 0.10 cc of eugenol. All animals were Injected with the ZOE within

five minutes after mixing. To compensate for any possible local variation

in injection sites, each material was used an equal number of times on the

right and left of the midline of the belly of each rat.

The 40 animals were then divided into four groups of ten animals each.

The trauma of injecting the materials Into the rat produced some inflamma-

tory response, so the first group of ten animals was maintained for two

days before sacrificing. Each experimental animal was sacrificed by intra-

cardiac injection of 10% buffered formalin. The remaining three groups of

animals were sacrificed on day 6, day 10, and day 15. The skin and some

subcutaneous tissue was removed from each Injection site and placed In 10%

formalin. After being imbedded in paraffin, serial sections were cut and

stained with hemotoxylln and eosin for histologic examination.

ANALYSIS OF DATA

The degree of Inflammation and necrosis was subjectively graded at each

Injection site by three independent pathologists, using a scale of 1 to 4,

with 1 Indicating minimal inflammation and 4 Indicating severe inflammation.

The data for the degree of inflammation was compared using mean values,

(Table I) and the degree of necrosis was evaluated using the same technique

(Table I). The results are also shown in Figures 1 and 2.

RESULTS

2 Day: A large area of necrosis at the Injection sites was present in

all animals Injected with both the purified and the commercial eugenol.

The Injection of the purified ZOE and stock ZOE also produced some necrosis



in the tissue immediately adjacent to the material, but the area of

necrosis was much less than that produced by the injection of either

eugenol alone (Figure 3A). The smallest amount of necrosis was observed

with the pure ZOE. The commercial and purified ZOE specimens contained

a larger number of Inflammatory cells (polymorphonuclear leukocytes,

plasma cells and lymphocytes) in the immediate vicinity of the material

than the purified and commercial eugenol specimens.

6 Day: The necrotic areas produced by the purified eugenol and

commercial eugenol were smaller after six days. The purified ZOE and

commercial ZOE also had a slightly reduced area of necrosis, with the

purified ZOE again showing the smallest areas of necrosis (Figure 38).

The number of inflammatory cells increased in all specimens, with the

purified and commercial ZOE again having the largest number.

10 Day: The amount of necrosis with the purified eugenol decreased

significantly from the 6 day specimens. The commercial eugenol was rela-

tively unchanged from day 6. There was an increase in the amount of

necrosis seen around both the purified and commercial ZOE mixtures. The

number of Inflammatory cells was greater In all of the 10 day specimens

than In any of the previous groups (Figure 3C).

15 Day: The necrotic material In the Injection sites was greatly

reduced for all groups except the commercial ZOE. This group had less

necrosis than in the 10 day sample, but a significant difference existed

between this commercial ZOE and the other three groups (Figure 30).

The inflammatory infiltrate had likewise greatly decreased for all specl-

mans except the conmnercial ZOE, which still contained a large number of

chronic Inflammatory cells.
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DISCUSSION

With both the purified and commercial eugenols alone, an area of

necrosis was evident at the injection site within the first 24 hours.

The amount of necrosis slowly subsided for both liquids. The number of

inflammatory cells reached a peak at 10 days, with the stock eugenol

eliciting a greater Inflammatory response at all dates. At 15 days, the

difference in inflammatory response between the purified and commercial

eugenols was the greatest. Thus, when compared to commercial eugenol,

the purified eugenol elicits less of an Inflammatory response at day 2,

a similar response at day 6 and day 10, and considerably less of an

inflammatory response at day 15.

Injection of mixtures of each of the two eugenols with zinc oxide

resulted In less initial necrosis, with a larger degree of necrosis at

day 6 and day 10. By day 15, the amount of necrosis had greatly decreased,

especially for the purified ZOE. The amount of necrosis with the commer-

cial ZOE was significantly greater than that occurring with the purified

ZOE.

The inflammatory response elicited by both mixtures of ZOE increased

from day 2 through day 6, to peak at day 10. There was only a small

difference between the mixtures at these three dates, but the purified

ZOE consistently had fewer Inflammatory cells present. At day 15 the

amount of inflammation was reduced for the commercial ZOE, and greatly

reduced for the purified ZOE.

*Our findings suggest that the purified eugenol produced slightly

less necrosis at the sacrifice dates than that produced by the stock

eugenol. The Inflammatory response was consistently lower with the
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purified eugenol, with the largest differences Initially (day 2) and at

day 15. This Indicates that commercial eugenol produces greater inflamma-

4tion initially, and the inflammation remains more severe for a longer

period of time.

The commercial ZOE consistently produced more necrosis than the puri-

fled ZOE at all dates of sacrifice, with both materials causing the most

tissue destruction at day 10. The number of inflammatory cells was also

greatest for both ZOE materials at day 10, with the largest difference In

inflammation evident at day 15. Thus, the commercial ZOE produces more

necrosis and inflammation at all dates than does the purified ZOE, with

the greatest differences evident after day 10.

Figures I and 2 show the relationship between time and the degree of

necrosis and inflammation, respectively. These figures demonstrate that

the purified and commercial eugenols roughly parallel each other, with the

commercial eugenol causing more necrosis and Inflammation at all dates.

The figures for the purified and commercial ZOE mixtures also are roughly

parallel, with the commercial eugenol causing more necrosis and inflammation

at each date. Figure 2 also shows that the two mixtures of ZOE roughly

parallel the two eugenol lines, with all four materials causing the most

inflammation at day 10. This lends some support to the theory 2 1 that the

inflammatory response produced by ZOE mixtures Is strongly Influenced by

the amount of free eugenol.

SUMMARY AND CONCLUSIONS

Eugenol "purified" by HPLC 2 was compared to commercial USP eugenol

to determine if any difference exists between the Inflammatory response
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caused caused by each. A mixture of each eugenol with zinc oxide were

also compared. Each material was Injected subcutaneously in the belly

of forty Walter Reed white rats. Ten animals were sacrificed at four

different dates and the degree of necrosis and inflammation was com-

pared histologically. The purified eugenol caused less necrosis and

Inflammation at all dates than the commercial eugenol. The purified

ZOE mixture produced less necrosis and inflammation than the commercial

ZOE mixture at each sacrifice date. The two mixtures of ZOE and the two

samples of eugenol produced roughly parallel amounts of inflammation

when graphed, suggesting that the degree of inflammation of ZOE mixtures

is strongly influenced by the amount of free eugenol in the mixtures.

This study suggests that the Impurities in commercial eugenol do cause an

Increase in the inflammatory response, and this increase is most evident

at day 2 and after day 10.

In conducting the research described in this study, the investigators

adhered to the "Guide for the Care and Use of Laboratory Animals," as

promulgated by the Committee on the Guide for Laboratory Animal Facilities

and Care of the Institute of Laboratory Animal Resources, National Research

Council.

The opinions or assertions contained herein are the private views of

the authors and are not to be construed as reflecting the views of the

Department of the Army or the Department of Defense. Commercial materials

and equipment are identified in this report to specify the Investigative

procedures. Such Identification does not Imply recommendation or endorse-

ment or that the materials and equipment are necessarily the best avail-

able for the purpose.I1b



TABLE 1. Mean Values of Inflammnation* I S.D.

Group Nmeof 2 Day 6 Day 10 Day 15 DayAnimals

Purified Eugenol 40 1.4±0.5 2.2±0.4 2.8±0.4 i.6±o.8

Commnercial Eugenol 40 2.2±0.4 2-3±0.4 3.0*0.6 2.6±0.5

Purified ZOE 40 2.2±0.4 3.4±0.8 3.8±0.4 2.8±0.7

Commercial ZOE 40 2.2±0.4 3.6±0.5 4.0±0.0 3.4±0.5

*1 - Minimal Inflammation, 4 =Maximum Inflammation

TABLE 11. Mean Values of Necrosis* ± 1 S.D.

Group Number of 2 Day 6 Day 10 Day 15 DayAnimals

Purified Eugenol 40 4.0±0.0 2.6±0.6 2.0±0.6 1.1±1.0

Commercial Eugenol 40 4.0±0.0 2-8±0.7 2.6±0.5 1.4±0.5

Purified ZOE 40 2.0±0.0 1.4±0.5 2.2±0.4 1.0*0.0

Commercial ZOE 40 2.6±0.5 2.0±0.0 3.0±0.0 2.2±0.5

*1 Minimal Necrosis, 4 -Maximum Necrosis
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Figure 1. Degree of Necrosis vs. Time

Figure 2. Degree of Inflammation vs. Time

Figure 3A. Two-Day Specimen of Purified ZOE Mixture Showing Areas

of Necrosis and the Inflammatory Response. 40X

Figure 3B. Purified ZOE at Day 6. 40X

Figure 3C. Purified ZOE at Day 10 Showing an Increased Number on

Inflammatory Cells. lOOX

Figure 3D. Day 15 Specimen of Commercial ZOE. IOOX
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